Abstract. We investigate the prospects for probing the strength of the possible matter nonstandard neutrino interactions (mNSI) in long baseline neutrino oscillation experiments and the interference of the leptonic CP angle δ CP with the constraining of the mNSI couplings. The interference is found to be strong in the case of the νe ↔ νµ and νe ↔ ντ transitions but not significant in the other cases.
Introduction
After the confirmation of atmospheric and solar oscillations, the neutrino physicist community has fitted the standard three flavor neutrino oscillations (NO) framework to the continuously accumulating data. As the mixing parameters are determined more and more precisely, it is clear that neutrino flavor transition can be very well interpreted as a purely oscillatory phenomenon. However, there may be subleading contributions to flavor transition. In that scenario, the future datasets will turn out to be unfittable to the NO framework, and additional degrees of freedom must be introduced.
Formalism
The possible deviations of standard NO scheme may be parametrized by nonstandard interactions (NSI). Consider the following Lagrangians, which are nonrenormalizable and not gauge invariant:
In the most general case, f and f ′ are charged leptons or quarks, G F is the Fermi coupling constant, α and β are flavor labels, and C is the chiral label, P L and P R being the chiral projection operators. The NSI parameters ε the NSI effects in the neutrino creation and detection processes and the neutral current Lagrangian L NC NSI is relevant for the NSI matter (mNSI) effects. The effective low-energy NSI Lagrangians (1) are assumed to follow from some unspecified beyond-the-standard-model (BSM) theory after integrating out heavy degrees of freedom.
mNSI matrix elements are gained by summing over chirality and fermion states (N f and N e are the fermion f and electron number densities, respectively),
Description of NO in matter is given by standard interaction (SI) Hamiltonian
where m 1,2,3 are neutrino masses, U is neutrino mixing matrix, E ν is neutrino energy, V CC = √ 2G F E ν N e and V NC = − √ 2 2 G F E ν N n are the matter potentials. In the case of mNSI, NO probability is calculated with NSI Hamiltonian, which is the SI case with an extra term:
Note that we get the SI case at the ε m → 0 limit or when the density of matter is negligible, as expected.
Numerical analysis and discussion
We study how the future NO experiments would constrain various mNSI parameters, setting the baseline free and letting the NO parameters vary within their 3σ limits [1] . We consider both mass hierarchies but only higher θ 23 octant.
We use two benchmark setups, both designed for a future long baseline neutrino experiment with double-phase liquid argon detector. The first benchmark (SPS) utilized the LBNO setup with 20 kt detector and beam optimization at 2288 km [3] . Our second benchmark (DUNE) utilized the DUNE setup [2] with 40 kt detector and beam optimization at 1300 km. The analysis is done by using the GLoBES simulation software [4] .
Because the neutrino fluxes are optimized at a certain baseline, once we perform the simulation with a different baseline, we reoptimize the flux assuming L/E = constant, by
See Figure 1 for a pictorial representation. As expected, the discovery potential is increased when baseline increases, even though the effect shrinks when the baseline is long to begin with. For DUNE, the interference from δ CP uncertainty is magnified compared to SPS. Changing the hierarchy in all cases and benchmarks produces slightly tighter constraints.
